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(54) Process for polymerising olefin in gas phase 

(57) The present invention relates to a process for 
continuous gas-phase polymerization of olefin(s) in a 
fluidized and/or mechanically stirred bed reactor, com- 
prising a stage of drawing off the polymer out of the re- 
actor, wherein a portion of the bed is transferred into a 
lock hopper and is then isolated from the reactor in the 
lock hopper for a period of 5 to 120 seconds so that a 
substantial amount of the olefin(s) in the said portion po- 
lymerizes, before the polymer thus isolated in the said 
portion is discharged out of the lock hopper. The process 
advantageously reduces the amount of the gas drawn 
off with the polymer to be recycled into the reactor and 
improves the degassing of the polymer by the heat of 
the polymeiization reaction during the isolation period 
in the lock hopper (Figure 1). 
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Description 

The present invention relates to a process for con- 
tinuous gas-phase polymerization of olefin(s) in a fluid- 
ized and/or mechanically stirred bed reactor, comprising 
particularly a stage of drawing off the polymer. 

It is known, for example according to European Pat- 
ent Application No. 0 381 364, to polymerize an olefin 
continuously in a gaseous phase at a pressure higher 
than atmospheric pressure in a fluidized bed reactor 
comprising a solid polymer which is being formed, a cat- 
alyst and a reaction gas mixture containing the olefin to 
be polymerized and passing through the reactor in an 
upward stream. It is also known, for example according 
to French Patent no. 2 599 991 , that the polymer being 
formed in the bed is drawn off from the reactor with a 
relatively large quantity of the reaction gas mixture, a 
large part of which is preferably recovered, recom- 
pressed and recycled into the reactor for reasons of 
economy and of efficiency and of environmental and 
safety problems. It has also been observed that it is dif- 
ficult to degas the polymer which is drawn off efficiently 
and rapidly, and especially to desorb the olefins which 
are present in the pores of the polymer, this difficulty be- 
ing added to the preceding one and compounding the 
problems that arise. 

European Patent Application No. 0 381 364 non 
particularly discloses a stage of drawing off a polymer 
from a fluidized bed reactor, comprising transferring a 
portion of the bed into a gas lock and discharging the 
said portion of the bed from the gas lock into a receiver. 
It is not suggested to isolate the portion of the bed in the 
gas lock for a period sufficiently long so that a substan- 
tial amount of the olefin(s) isolated in the gas lock po- 
lymerizes, before discharging the polymer into the re- 
ceiver. 

Research Disclosure n° 1 49 dated September 1 976 
relates to an olefin polymerization process comprising 
two steps. In a first stept at least one liquid olefin mon- 
omer is polymerized in a vessel with stirring in the sub- 
stantial absence of a polymerization inert diluent in sus- 
pension in the liquid monomer, the polymerization being 
continued until substantially all the liquid monomer has 
polymerized or vapourized so that a solid dry particulate 
polymer powder is obtained. In a second step, the po- 
lymerization is continued by contacting the powder with 
a gaseous monomer in the same vessel or in a second 
vessel with stirring or using a fluidized bed technique 
wherein the polymerization is terminated or continued 
for some time e.g. from 2 up to 25 hours. The polymer 
powder is drawn off from the bottom of the reactor. There 
is no mention of isolating a portion of the polymer pow- 
der in a lock hopper during a period sufficient to polym- 
erize at least a part of the olefin thus isolated with the 
polymer before discharging the polymer into a degas- 
sing zone. 

A new process for gas-phase polymerization of ole- 
fin^) has now been found in which the polymer is drawn 
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off from the reactor in such a way that the quantity of the 
olefin(s) or of the reaction gas mixture which accompa- 
nies the polymer drawn off, and which is to be recycled, 
is substantially decreased and that furthermore, the de- 
5 gassing of the polymer drawn off is made vastly easier. 
More precisely, the subject-matter of the present in- 
vention relates to a process for continuous gas-phase 
polymerization of olefin(s) in a reactor containing a flu- 
idized and/or mechanically stirred bed, including a solid 
polymer, a catalyst and a reaction gas mixture contain- 
ing the olefin(s) to be polymerized and passing through 
the reactor at a pressure higher than atmospheric pres- 
sure, a process characterized in that it comprises a 
stage of drawing off the polymer out of the reactor, in 
which stage a portion of the fluidized and/or mechani- 
cally stirred bed is transferred into a lock hopper by 
bringing the reactor into communication with the lock 
hopper, and is then isolated from the reactor e.g. by 
means of a valve in the lock hopper for a period of 5 to 
1 20 seconds, so that a substantial quantity of the olefin 
(s) present in the said transferred portion polymerizes, 
before the polymer thus isolated in the said transferred 
portion is discharged out of the lock hopper. 

Figure 1 shows diagrammatically an apparatus 
which may be employed for implementing the process 
of the present invention. 

The portion of the bed which is transferred into the 
lock hopper comprises the polymer, the catalyst and the 
reaction gas mixture. When the portion of the bed is 
transferred, preferably it is then isolated from the reactor 
in the lock hopper under initial conditions, particularly of 
pressure and of temperature, which are substantially 
identical with those prevailing in the bed of the reactor. 
The transfer into the lock hopper is carried out by bring- 
ing the reactor into communication with the lock hopper 
preferably at a pressure that is substantially identical 
with the absolute pressure P, prevailing in the bed of 
the reactor. 

The period of isolation of the portion of bed from the 
reactor in the lock hopper may preferably be from 7 to 
90, in particular from 10 to 60 or from 1 5 to 40 seconds. 
It may be such that at the end of the isolation the tem- 
perature of the portion of the bed or of the polymer thus 
isolated in the lock hopper is higher than the tempera- 
ture of the bed, T 1t in the reactor and lower than the 
minimum sintering temperature, Ts, of the polymer, as 
defined, for example, by P. Compo, G.I. Tardos, D. Maz- 
zone and R. Pfeffer in Part. Charact. I (1984 page 171 
to 177). The heating of the portion of the bed and par- 
ticularly of the polymer is obtained by the heat released 
by the polymerization reaction which is thus continued 
during the period of isolation in the lock hopper. More 
particularly, the temperature of the isolated portion of the 
bed or of the polymer at the end of the isolation in the 
lock hopper may range from T 1 + 2°C to Ts - 5 P C, pref- 
erably from T, + 5°C to Ts - 1 0°C, all temperatures being 
expressed in degrees Celsius. The period of isolation 
may also be such that, at the end of the isolation, the 
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absolute pressure in the lock hopper has slightly de- 
creased by at least 1 %, preferably by 2 to 30%, prefer- 
ably by 5 to 20 % relative to the absolute pressure in the 
lock hopper at the beginning of the isolation, i.e. prefer- 
ably to the absolute pressure P 1 of the fluidized and/or 
mechanically stirred bed reactor. 

The process may preferably include the following 
stages : 

(1) A portion ofthe fluidized and/or mechanically 
stirred bed is transferred from the reactor into the 
lock hopper by bringing the reactor into communi- 
cation with the lock hopper, a pressure being estab- 
lished in the lock hopper substantially equal to the 
absolute pressure P, of the fluidized and/or me- 
chanically stirred bed reactor is at the end of the 
transfer, 

(2) the said portion of the bed is next isolated from 
the reactor e.g. by means of a valve at the absolute 
pressure P, in the lock hopper for a period of 5 to 
120, preferably 7 to 90, in particular 10 to 60 or 15 
to 40 seconds, which is sufficient to polymerize at 
least a substantial part of the olefin(s) present in the 
said portion and e.g. to decrease by at least 1 %, 
preferably by 2 to 30 %, in particular by 5 to 20 %, 
the absolute pressure in the lock hopper, and 

(3) at the end of the isolation e.g., when the temper- 
ature of the polymer thus isolated in the said portion 
of the bed reaches a temperature that is higher than 
T } and lower than T s , preferably from T, + 2°C to 
T s - 5°C, in particular from T, + 5°C to T s - 10°C, 
the polymer is discharged out ofthe lock hopper. 

The polymer discharged out of the lock hopper may 
be transferred into a chamber and/or a column which is 
(are) specially adapted for degassing the polymer ac- 
cording, for example, to the process described in French 
Patent No. 2 642 429 or French Patent Application No. 
94-06221. 

One of the stages of the process according to the 
invention may therefore consist in transferring and in 
isolating the portion of the fluidized and/or mechanically 
stirred bed from the reactor into and in the lock hopper, 
under conditions, particularly of temperature and of 
pressure, that are close to those prevailing in the bed of 
the reactor, in order to continue the polymerization in the 
lock hopper for a determined period of isolation enabling 
part of the olefin (s) present in the transferred portion to 
be consumed. The isolation conditions are preferably 
controlled and substantially adiabatic in order to raise 
the temperature of the portion of the bed and of the pol- 
ymer thus isolated substantially by virtue of the heat re- 
leased by the polymerization reaction thus continued in 
the lock hopper during a relatively unusual long period. 

In practice, it is estimated that the period in the iso- 
lation in the lock hopper may be such that the partial 
pressure of olefin(s) in the lock hopper decreases by 5 
to 40 %, preferably by 10 to 30 % throughout the isola- 



tion period. Under these conditions the temperature of 
the portion of the bed and of the polymer may rise by 2 
to 20°C, preferably by 5 to 1 5°C. The period of the iso- 
lation in the lock hopper depends on the absolute pres- 
5 sure P, , on the partial pressure of olefin(s), on the tem- 
perature T 1 of the bed of the reactor, on the type of cat- 
alyst employed, on the degree of progress of the polym- 
erization reaction in the bed of the reactor, on the cata- 
lyst concentration, on the proportion of polymer in rela- 
io tion to the reaction gas mixture in the lock hopper and 
on the bulk density of the polymer The isolation period 
is from 5 to 1 20 seconds, preferably from 7 to 90, in par- 
ticular from 10 to 60 seconds. In general the absolute 
pressure Pj may range from 0.5 to 6 MPa, preferably 
from 1 to 4 MPa, the partial pressure of olefin(s) may 
range from 0.2 to 2 MPa, preferably from 0.4 to 1 .5 MPa, 
in particular from 0.5 to 1.2 MPa, and the temperature 
T, may range from 30 to 1 30 P C, preferably from 50 to 
110°C, in particular from 60 to 100°C. 

Thus, it is by virtue of the relatively large consump- 
tion of olefin(s) during the isolation in the lock hopper 
that the quantity of gas, especially of olefin(s) to be re- 
covered from the lock hopper, and to be recompressed 
and recycled into the reactor, decreases. Furthermore, 
since the polymer leaving the lock hopper is preferably 
substantially hotter than that leaving the fluidized and/ 
or mechanically stirred bed reactor, the degassing of the 
polymer is made considerably easier, particularly during 
the subsequent stage(s) which may be performed either 
in the lock hopper itself or, preferably, outside the lock 
hopper, for example when the polymer is transferred 
from the lock hopper into a chamber and/or a column 
specially adapted for degassing, such as that (those) 
mentioned above. 

The process is very particularly suitable for the po- 
lymerization of ethylene by itself or as a mixture with at 
least one C 3 to C e olefin, or of propylene by itself or as 
a mixture with ethylene, and/or with at least one C 4 to 
C 8 olefin and/or with an unconjugated diene. 

The process of the present invention is particularly 
advantageous when the weight quantity of polymer 
present in the portion of the bed which is isolated from 
the reactor in the lock hopper is relatively high, per unit 
volume of the lock hopper, for example from 1 20 to 450, 
preferably from 200 to 400, in particular from 250 to 400 
kg/m 3 . 

Figure 1 shows diagrammatically by way of exam- 
ple an apparatus which makes it possible to implement 
such a process. Thus, a reaction gas mixture at an ab- 
solute pressure P 1 higher than atmospheric pressure, 
containing the olefin(s) to be polymerized, passes in an 
upward stream through a fluidised bed reactor (1 ) while 
maintaining in the fluidized state a solid polymer being 
formed in the presence of a catalyst. The reaction gas 
mixture passes through a calming chamber (3) which is 
above the reactor (1), escapes at the top (2) of the re- 
actor and is returned by an external circulation conduit 
(5) including a compressor (8) and at least one heat ex- 



20 



25 



30 



35 



40 



45 



50 



3 



5 



EP 0 728 772 A1 



6 



changer (6, 7), to the base (9) of the reactor under a 
fluidization grid (4). A catalyst of Ziegler-Natta type, or 
a catalyst containing a transition metal of metallocene 
or of chromium oxide type is introduced continuously or 
intermittently into the reactor (1 ) via a conduit (11 ). The 
olef in(s), such as ethylene, propylene and C 4 to C 8 ole- 
fins and possible other constituents of the reaction gas 
mixture, such as hydrogen, an unconjugated diene or 
an inert gas, for example nitrogen or a C, to C 6 , prefer- 
ably C 2 to C 5 aikane are introduced continuously into 
the external circulation conduit (5) by at least one con- 
duit (10). The polymer is drawn off from the reactor (1) 
intermittently by at least one draw-off conduit (12) con- 
necting the reactor (1) to a recovery lock hopper (14). 
An isolation valve (13) enables the lock hopper (14) to 
be isolated from the reactor (1) and a discharge valve 
(1 6) enables the polymer to be discharged out ofthe lock 
hopper (1 4) into a decompression and degassing cham- 
ber (19) at an absolute pressure P 2 lower than P v 
through the intermediacy of a conduit (15). The ratio 
P 2 may range from 5:1 to 50:1 , preferably from 10:1 to 
25:1 . The absolute pressure P 2 may range from 0.11 to 
0.2 MPa, preferably from 0.11 to 0.15 MPa. The cham- 
ber (19) generally makes it possible to decompress the 
polymer drawn off, to separate the latter from the reac- 
tion gas mixture accompanying it, to discharge the pol- 
ymer out of the chamber (19) via a conduit (20) and a 
valve (21 ), and to recycle the reaction gas mixture thus 
separated off via a conduit (22) and a compressor (23) 
towards the reactor (1 ), through the intermediacy of the 
external circulation conduit (5). A conduit (25) provided 
with a valve (24) may optionally emerge into the cham- 
ber (19) in order to introduce a gas or a gas mixture 
which helps to degas the polymer, for example an inert 
gas such as nitrogen or a C, to C 6 , preferably C 2 to C 5 
aikane, or the reaction gas mixture or one or more con- 
stituents of the reaction gas mixture. A conduit (17) pro- 
vided with a valve (18) optionally feeds the conduit (1 2) 
with a purging gas upstream of the valve (13) and pref- 
erably near the latter, in order to avoid blocking the con- 
duit (12). The purging gas may be an inert gas such as 
nitrogen or a C 1 to C 6 , preferably C 2 to C 5 aikane, or the 
reaction gas mixture or at least one of its constituents. 

The process for continuous gas-phase polymeriza- 
tion of olefin(s) may be carried out in a fluidized and/or 
mechanically stirred bed reactor, maintained at an ab- 
solute pressure P, ranging from 0.5 to 6, preferably from 
1 to 4 MPa. The temperature of the bed of the reactor 
may be maintained at a value ranging from 30 to 1 30°C, 
preferably from 50 to 1 1 0°C. A reaction gas mixture may 
pass through the reactor at an upward velocity which 
may range from 0.3 to 0.6 m/s, preferably from 0.4 to 
0.7 m/s. The reaction gas mixture may contain one or 
more C 2 to C 6 olefins, for example ethylene or propyl- 
ene, or a mixture of ethylene with at least one C 3 to C 8 
olefin, for example propylene, 1-butene, 1-hexene, 
4-methyl-1 -pentene or 1-octene, and/or also with a di- 
ene, for example an unconjugated diene. It may also 



contain hydrogen and/or an inert gas such as nitrogen 
or, for example, a C, to C 6 , preferably C 2 to C 5 aikane. 
The polymerization process may in particular be carried 
out according to the process described in PCT Patent 
s Application WO No. 94/28032. It may be carried out in 
the presence of a catalyst containing at least one tran- 
sition metal belonging to groups 4, 5 or 6 of the Periodic 
Classification of the elements (approved by the Nomen- 
clature Committee of the •American Chemical Society', 
see 'Encyclopedia of Inorganic Chemistry', editor R. 
Bruce King, published by John Wiley & Sons (1994)). In 
particular, a catalyst system of the Ziegler-Natta type 
may be employed, including a solid catalyst containing 
a compound of a transition metal such as those men- 
tioned above and a cocatalyst containing an organome- 
tallic compound of a metal belonging to groups 1 , 2 or 
3 of the Periodic Classification of the elements, for ex- 
ample an organoaluminium compound. High-activity 
catalyst systems have already been known for many 
years and are capable of producing large quantities of 
polymer in a relatively short time, with the result that it 
is possible to avoid the stage of removal of the catalyst 
residues present in the polymer. These high-activity cat- 
alyst systems generally include a solid catalyst contain- 
ing essentially transition metal, magnesium and halo- 
gen atoms. It is also possible to employ a high-activity 
catalyst essentially containing a chromium oxide acti- 
vated by a heat treatment and used in combination with 
a granular support based on refractory oxide. The po- 
lymerization process is very particularly suitable for be- 
ing employed with metallocene catalysts such as zir- 
conocene, hafnocene, titanocene or chromocene, or 
with silica-supported Ziegler catalysts based, for exam- 
ple, on magnesium, titanium and/or vanadium. The 
abovementioned catalysts or catalyst systems may be 
employed directly as they are in fluidized and/or me- 
chanically stirred bed reactor, or may be converted be- 
forehand into an olefin prepolymer, in particular during 
a prepolymerization bringing the catalyst or the catalyst 
system into contact with one or more olefins such as 
those mentioned above in a liquid hydrocarbon medium 
or in the gas phase, according to, for example, a non 
continuous or continuous process. 

The process is very particularly suitable for manu- 
facturing polyolefins in the form of powder, in particular 
of linear low density polyethylene or high density poly- 
ethylene, of density ranging, for example, from 0.87 to 
0.97 g/cm 3 , or of polypropylene or of copolymers of pro- 
pylene with ethylene and/or C 4 to C 6 olefins or of elas- 
tomeric copolymers of propylene with ethylene and op- 
tionally an unconjugated diene of density ranging, for 
example, from 0.85 to 0.87 g/cm 3 . 

The following examples illustrate the present inven- 
tion. 

Example : 

A gas-phase copotymerization of ethylene with 
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1 -butene is carried out in an apparatus identical with that 
shown in Figure 1 . The internal diameter of the cylindri- 
cal reactor (1) with a vertical side wall is 3 m and its 
height is 10 m. The reactor has a calming chamber (3) 
above it. The fluidized bed includes 18 tons of a copol- 
ymer of ethylene and 1 -butene, of density 0.96 g/cm 3 , 
in the form of particles with a mass-average diameter of 
750 ujn, which has a fluidized density of 300 kg/m 3 . 

The reaction gas mixture passes through the fluid- 
ized bed at an absolute pressure P, of 2 MPa at a ve- 
locity according to an upward stream of 0.6 m/s, at a 
temperature of 90°C, containing, by volume, 30 % of 
ethylene, 1 % of 1 -butene, 25 % of hydrogen and 44 % 
of nitrogen. 

A catalyst of Ziegler-Natta type is employed, con- 
taining Ti, Mg and CI, prepared in the form of a prepol- 
ymer exactly as in Example 1 of French Patent No. 2 
405 961. 

A draw-off conduit (12) of 0.05 m internal diameter 
and 1 m in length, leaving the side wall of the reactor 
downwards at an angle A of 60° relative to a horizontal 
plane, subsequently vertically connects up with a lock 
hopper (14) with an internal volume of 1 05 litres, through 
the intermediacyof avalve (13). Thecopolymer is drawn 
off from the reactor (1 ) according to the following cycle 
of operations: 

- the valve (1 3) is closed, the lock hopper (1 4) is emp- 
ty of copolymer at an absolute pressure P 2 of 0.12 
MPa which is identical with that prevailing in the 
chamber (19), the valve (16) is open, 

- the valve (16) is closed and the valve (13) is 
opened, the absolute pressure in the lock hopper 
rises from 0.12 to 2 MPa and the lock hopper fills 
with copolymer with a degree of filling with polymer 
of 305 kg per m 3 of the internal volume of the lock 
hopper, 

the lock hopper (1 4) is isolated from the reactor (1 ) 
by closing the vafve ( 1 3) and the lock hopper is thus 
kept isolated for a period of 40 seconds, at the end 
of which period the absolute pressure in the lock 
hopper has fallen to 1 .88 MPa and the temperature 
of the copolymer thus isolated in the lock hopper 
has reached about 100°C, 
the vafve (16) is opened, the copolymer flows 
through the conduit (1 5) into the chamber (1 9) and 
the absolute pressure in the lock hopper falls to 0. 1 2 
MPa. 

The cycle of operations is repeated approximately 
every 60 seconds. The draw-off device described above 
is duplicated in the polymerization apparatus. The cycle 
of the operations is identical for each of the two devices, 
with a time offset of 30 seconds. Each ofthe two devices 
has a discharge conduit (15) which emerges into the 
chamber (19) of which, in contrast, there is only one, 
with its system for recycling the gases and discharging 
the copolymer. The process continues in this way for 



several days without blocking of the draw-off devices. 
The stage of degassing of the copolymer in the chamber 
(1 9) is very markedly improved, since the copolymer ar- 
rives in the chamber (19) at a temperature of approxi- 
5 mately100°C. 



Claims 

io 1. Process for continuous gas-phase polymerization 
of olefin(s) in a reactor containing a fluidized and/or 
mechanically stirred bed including a solid polymer, 
a catalyst and a reaction gas mixture containing the 
olefin(s) to be polymerized and passing through the 

15 reactor at a pressure higher than atmospheric pres- 
sure, a process characterized in that it comprises a 
stage of drawing off the polymer out of the reactor, 
in which stage a portion of the fluidized and/or me- 
chanically stirred bed is transferred into a lock hop- 

20 per by bringing the reactor into communication with 
the lock hopper, and is then isolated in the lock hop- 
per for a period of 5 to 120 seconds, so that a sub- 
stantial quantity ofthe otefin(s) present in the said 
transferred portion polymerizes, before the polymer 

25 thus isolated in the said transferred portion is dis- 
charged out of the lock hopper. 

2. Process according to Claim 1 , characterized in that 
the portion of the bed of the reactor is transferred 
30 and then isolated from the reactor in the lock hopper 
under initial pressure and temperature conditions 
which are substantially identical with those prevail- 
ing in the bed of the reactor. 

35 3. Process according to Claim 1 or 2, characterized in 
that the period of isolation in the lock hopper is from 
7 to 90, preferably from 10 to 60 seconds. 

4. Process according to any one of Claims 1 to3,char- 
40 acterized in that at the end of the isolation the por- 
tion of the bed isolated in the lock hopper has a tem- 
perature which is higher than the temperature of the 
bed, T 1t in the reactor and lower than the minimum 
sintering temperature, Ts, of the polymer. 

45 

5. Process according to Claim 4, characterized in that 
the temperature of the portion of the bed isolated at 
the end of the isolation in the lock hopper is from T, 
+ 2°C to Ts - 5°C, preferably from T 1 + 5°C to Ts - 

so io°C. 

6. Process according to any one of Claims 1 to 5, char- 
acterized in that the period of isolation in the lock 
hopper is such that at the end of the isolation the 

5$ absolute pressure in the lock hopper has decreased 
by at least 1 % relative to the absolute pressure of 
the lock hopper at the beginning of the isolation. 
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7. Process according to Claim 6, characterized in that 
the absolute pressure in the lock hopper has de- 
creased by 2 to 25 %, preferably by 5 to 20 % rela- 
tive to the absolute pressure of the lock hopper at 
the beginning of the isolation. 5 

8. Process according to any one of Claims 1 to 7, char- 
acterized in that the period of isolation in the lock 
hopper is such that the partial pressure of olefin(s) 

in the lock hopper decreases by 5 to 40 %, prefer- 10 
ably by 10 to 30 % throughout the isolation period. 

9. Process according to any one of Claims 1 to 8, char- 
acterized in that the weight quantity of polymer 
present in the portion of the bed isolated in the lock 15 
hopper is from 120 to 450, preferably from 200 to 
400 kg/m 3 of volume of the lock hopper 

1 0. Process according to any one of Claims 1 to 9, char- 
acterized in that a polymerization of ethylene by it- 20 
self or as a mixture with at least one C 3 to C e , olefin, 

or of propylene by itself or as a mixture with ethylene 
and/or with at least one C 4 to C e olefin and/or with 
an unconjugated diene is carried out in the reactor 
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